ELONGATED BONDING PAD FOR WIRE BONDING AND SORT PROBING 


BACKGROUND OF THE INVENTION 

This invention relates generally to bonding pad structures for integrated circuits. 
More particularly, this invention relates to a bonding pad structure that has separate areas for 
wire bonding and wafer sort probing such that smaller pad pitches can be assembled without 
increasing the yield loss due to probing and a probing pin can make a better contact with an 
integrated circuit without increasing the circuit size. 

DESCRIPTION OF THE RELATED ART 

Integrated circuit (IC) devices are typically manufactured on a semiconductor wafer. 
A single wafer typically has a two-dimensional array of numerous IC devices defined thereon 
and each device comprises numerous electrical components and a collection of bonding pads. 
The bonding pads are usually made of aluminum or copper and deployed on the perimeter of 
the device's upper surface. The rest of the device's upper surface is coated with a layer of 
insulating material such as silicon nitride, conmionly referred to as the passivation layer, so 
as to protect the device from various environmental impacts. Following manufacture, the 
devices are separated from the wafer and mounted in device packages. A principal function 
of the bonding pads is to provide electrical connections through bonding wires from the 
device to pin leads on a package hosting the device. The upper surface of each bonding pad 
is usually covered with a thin non-conductive layer of aluminum oxide, which needs to be 
removed or broken through so as to obtain a reliable contact with the bonding wires. 

Since IC packaging is an expensive process, it is desirable to evaluate the quality of a 
device while it is still part of a wafer to avoid packaging a defective device. Therefore, 
another important function of the bonding pads is to provide electrical connections during 
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such evaluation, which is commonly referred to as wafer sort probing. Wafer sort probing is 
performed by an electrical tester that uses a probing card having a plurality of electrical 
probing pins that contact the device's bonding pads in place of the normal bonding wires. 
The electrical tester provides signals through the probing pins on the probing card and the 
bonding pads to the device and receives back signals from the device through the same route. 
Based on the analysis of the received signals, the tester produces a preliminary report on the 
quality and performance of the tested device. If the tested device fails to meet a 
predetermined standard, it will be rejected by producing an ink mark on its upper surface or 
marking its position on an electronic wafer map associated with the wafer carrying the 
device. After the wafer is separated into individual dice, only those devices that have passed 
wafer sort probing are chosen for packaging or further testing. 

The thin layer of aluminum oxide on a bonding pad also presents a challenge for the 
electrical contact between a probing pin and a bonding pad. To break through the aluminum 
oxide layer, each probing pin on the probing card first pushes through the aluminum oxide 
layer and enters into the aluminum layer of the bonding pad, and then pulls itself across the 
bonding pad surface to produce a 60 to 70 microns long probing mark. Since bonding pad 
surface damaged by the probing mark may no longer be suitable for wire bonding, and as a 
result, the bonding area available for wire bonding is reduced after wafer sort probing. 
Conventionally, this reduction of bonding area is not a serious problem since the size of a 
bonding pad, usually 100x100 microns^ is large enough to meet the dual purposes of wire 
bonding and wafer sort probing. 

However, with the rapid improvement of semiconductor technology, there is less 
space on the upper surface of a device available for deploying bonding pads of conventional 
dimension. First, higher circuit density makes it possible to implement more complex 
functionality in a single integrated circuit device that needs more bonding pads to support 
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more input/output (lO) terminals. Second, many applications, such as mobile 
telecommunication devices, require that the overall dimension of an integrated circuit device 

be as small as possible, which also leaves less space for deploying bonding pads. In other 
words, the area available for each bonding pad is continuously decreasing. On the other 
hand, the dimension of a probing mark remains substantially unchanged (at least 60 microns 
long) in order to achieve a reliable connection between a probing pin and a bonding pad. As 
aresult, the percentage of the area on the upper surface ofabonding pad needed for wafer 

sort probing keeps growing. 

Therefore, it is desirable to develop a new bonding pad in which the bonding area is 
not disturbed by wafer sort probing while enough space is also reserved for wafer sort 
probing. 

SUMMARY OF THE IN VENTION 

. The present invention ehminates the aforementioned problems by providing a new 
bonding pad design. The new bonding pad comprises a bonding area for wire bonding and an 
elongated probing area for wafer sort probing. These two areas are electrically and 
mechanically connected to each other and are positioned in such a manner that wafer sort 
probing is less likely to cause damage to the bonding area. As a result, when advances in 
technology permit the use of thinner wires, the size of the bonding area can be reduced while 
the size of the elongated probing area remains changed. 

In one aspect of the present invention, the bonding area is substantially a square and 
the elongated probing area is a rectangle. A plurality of bonding pads are disposed on the 
upper surface of an IC device such that the bonding areas are positioned on the perimeter of 
the device and the elongated probing areas are inside the perimeter. A side of a bonding area 
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facing the interior of the upper surface of the IC device is connected to the short side of the 
corresponding elongated probing area. 

In another aspect of the present invention, the bonding areas are positioned on top of a 
plurality of electrically connected metal layers serving as conductive paths for electrical 
signals and the corresponding probing areas are only on top of a subset of the metal layers. 
The reason for such arrangement is that wire bonding causes a significant amount of pressure 
on the IC device that requires more metal layers to sustain it in order to avoid damaging the 
device. In contrast, the amount of pressure produced by a probing pin on the device is much 
less hkely to cause significant damage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the present invention, reference should be made to the 
following detailed description taken in conjunction with the accompanying drawings in 
which: 

Figure 1 A is a plan view of a prior art integrated circuit package with a plurality of 
bonding pads distributed along the four edges of the semiconductor chip; 

Figure IB is a plan view providing more details about a prior art bonding pad; 
Figure 2 is a cross-sectional view of a prior art multi-layer bonding pad structure; 
Figure 3 A is a plan view of an integrated circuit package in accordance with the 
present invention; 

Figure 3B is a plan view providing more details about a bonding pad in accordance 
with the present invention; and 

Figure 4 is a cross-sectional view of a multi-layer bonding pad structure in accordance 

with the present invention. 
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DETAILED DESCRIPTION OFTHE INVENTION 

Figure 1 A depicts a typical semicondt^or device package 100 of tlie prior art. An 
integrated circuit 00 device 110 is mounted on top of a cenunic substrate or a printed circuit 
board 120. For illustrative purposes, device 1 10 is divided into two functional areas 130 and 
140 by a dotted line 135. The inner area 130 is mainly used for fabricating electrical 
components including a plurality of transistor and capacitors in an underlying semiconductor 
substrate 210 (shown in Figure 2) as well as for fabricating conductive paths above the 
substrate 210 to connect those components. The outer peripheral area 140 along the edges of 
IC device 1 10 is mainly used for deploying a plurality of square bonding pads 145 and 
connecting them to the conductive paths. Given the limited space on an IC device, the more 
space occupied by bonding pads, the less space available for manufacturing electrical 
components. 

A plurality of lead heads 150 are disposed on the upper surface of substrate 120, 
surrounding IC device 1 10. A bonding wire 160 made of gold or aluminum connects a 
bonding pad 145 to a lead head 150. Each end of bonding wire 160 is melted on the surface 
of a bonding pad 145 and a lead head 150 using certain methods such as a thermal-sonic 
technique. Electronic signals aie transmitted between electrical components in inner area 130 
of IC device 110 and other IC devices that are mounted on other semiconductor packages 
through bonding pads 145, bonding wires 160, and lead heads 150 as well as conductive 
traces (not shown) embedded in substrate 120. Therefore, it is critical that the bonding pads 
150 be properly connected to bonding wires 160 because any disconnection can cause the 
entire circuit not to function correctly.. 

Figure IB is a plan view that provides more details about the structure of a square 
bonding pad 145 close to edge 190 of device 1 10. To satisfy the dual purposes of wire 
bonding and wafer sort probing, a bonding pad 145 comprises two portions, bonding area 170 
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and probing area 180. An inner circle 172 in bonding area 170 represents *e circumference 
ofabonding Wire before being melted on the bonding pad and an ou«rcirc.el74.ep,.senU 
the areaoccupied by the melted end ofabonding wire, which is typicaUy45x45nucron^ 

P„bing a,.a 180 which is usually 75 microns long is prepared for the probing pin of a 
probing card to travel across the bonding pad surface duringwafer sort probing. The 
dimension of bondingpadl45has to be large enough to host both the bonding areano and 

the probing area 180. For instance, the dimension of a typical prior art bonding pad is 

100x100 microns^. 

However, there is a significant amount of IC space wasted by a bonding pad 
comprising a bonding area and a probing area shown in Figure IB, such as the area 
surmunding the bonding area 170. As a result, less space can be used for elecbical 
component fabrication. Meanwhile,since,helongedgeof probing area 180 is so close to 
bondingareanCasUghtmisaUgnmentbetweentheprobingpinofaprobingcardand 
p„,bir.g area 180 may result in severe damage to the entire cin:uit. For example, the probing 
pin may reach bonding area 170 and produce a probing mark on bonding area 170 during 
wafer sort probing, rendering ICdevicellOunqua.if.ed for packaging. The disadvantage of 

such arrangement becomes more obvious in a cross-sectional view shown below. 

Figure 2 is a cross-sectional view along line A-A of Figute IB depicting a typical 
multi-layer bondingpadstructu. of the prior art. At the bottom of this smtctureisa 

semiconductor substrate 210 in wh.ch are formed a plurality of electrical components 230, 
such as transistors and capacitors of IC device 1 10. A plurality of metal layers M1-M9 made 
of aluminum, copper or tungsten aUoy are deployed one on top of the other on the upper 
surface of sem.conductor substrate 210 using techniques known in the art such as chemical 
vapor deposition. These metal layers are separated byaplurality of intet^onnect dielectric 

laym D1-D8 made of materials such as fluorine-doped silicate glass (FSG). Multiple 
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through-hole vias such as V1-V8 are formed in dielecttio layers Dl-DS using known 
techniques such as plasma etching; and metal materials such as copper or tungsten are then 
depositedinto the holes to connect two adjacent metallayers. The metal layers arc processed 

using known techniques to define conductive paths, schematicallyrepresented by the portions 

of metal layers M2, M3, M4. M7 and MS to the right of dotted line 135, that connect 
electHcal components 230 to bonding pads 145. A passivation layer 220 made of a material 
such as sUiconnitridecovers the upper surface of IC device 110. A portion of passivation 
layer 220 on top of bonding pad 145 is removed to expose metal layerM9 for wi« bonding 

and wafer sort probing. 

It is important to mention that bonding pad 145 is located on the outer peripheral area 
140 of IC device 1 10 and there are numerous electrical components 230 including transistors 
or capacitors fabricated in semiconductor substrate 210 in the inner area 130 of device 110 
(see Figure 1 A), which are electrically connected with one another through the conductive 
paths formed by the multiple metal layers to the right of dotted line 135 m Figure 2. The top 
metal layer M9 of bonding pad 145 provideselectrical and mechanical contact forabonding 
wire andaprobing pin ofaprobing card. While the vias V1-V8 that interconnect the metal 
layers M1-M9 are shown in Figure2as being »nd» bonding padl45,,t will be understood 
by those skilled in the art that the vias may also be located in the inner area 130 of IC device 
110. 

To produce a firm contact between bonding wire and metal layer M9, a bonding 
equipment has to exert a significant amount of pressure on metal layer M9. Such ptessure 
may be beyond the limit that those electrical components 230 such as transisto.. or capacitors 
fabricated m the semiconductor substrate 210 can withstand. This .s why there usually arc no 
electrical components directly below a bonding pad 145. Meanwhile, bonding pad 145 has to 
be large enough as shown in Figute IB to accommodate both wire bonding and wafer son 
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probing. AS a msult. the more space on the upper surface of IC device UO used for bonding 
pads, the less space left for in the substrate of device UO the electrical components 230. This 
makes it mo« difficult to implement complex functionality given a IC device UO of limited 
dimension, because complex functionality usually requires more electrical components and 

more I/O terminals (or bonding pads). 

On the other hand, as noted when discussing Figure IB, it has been observed that a 
significant amount of space onabonding pad is never used during either wire bonding or 
wafer sort probing, such as the areasurrounding bonding area 170. Meanwhile, the pressure 
exerted by the probing pin of a probing card on a bonding pad is typically insignificant 
compared with the pressute produced by the bonding equipment In other words, even if 
there are electrical components below the bonding pad, they should be able to survive the 
pressutecausedby wafer sort probing. These two observations form the basis of the present 
invention. Ifabonding pad is designed such that the pmbingarealSOof the bonding pad is 
positioned in the inner area 130 of an IC device 1 10 shown in Figute lA or to the right of 
dotted line 135 shown in Figu« 2 and only the bonding area 170 that needs multiple metal 
layers to sustain the wire bonding pressme remains on the perimeter of such device,asmaller 

portion of semiconductor substrate 210 and the space above it are needed for hosting such 
bonding pad, and therefore a larger portion of the semiconductor substrate 210 and the 
corresponding space above it can be used for fabricating electrical components and 
conductive paths that connect the components. 

Figures 3A, 3B and 4 depict one embodiment of the present invention, an elongated 
bonding pad. Figure 3A represents a semiconductor device package 300 according to the 
present invention. For illustrative purposes, the dimension of IC device 310 is the same as 
that of IC device 1 10 and the dimension of substrate 320 is the same as that of substrate 120. 
Further, IC device 310 is divided by a dotted line 335 into an inner area 330 in which a 
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pluralUy of elec^ical components are formed and an outer peripheral area 340. According to 
.he preset invention, each bonding pad 345deployed on U.e edges of ICdeviceSlOhasa 
shape different from the shape of bonding padMSand, in partic«lar,hasasquare bonding 
area 370 in the outer peripheral area 340 Joined to an elongated probing a«a 380 that extends 
into the inner area 330. In contrast, both bonding area 170 and probing area 180 of bonding 
pad 145 are located to the left of dotted line 135 in Hgure IB and in the outerperipheral area 

140 in Figure 1 A. Since the size of bonding area 370, e.g.. 55^5 microns^ is significantly 
smaller than the size of bonding pad 145,e.g.. 100x100 microns^ the peripheral area 340 of 
IC device 310 is likewise significantly smaller and the inner area 330 of IC device 310 is 
significantly larger than the inner area 130 of device 1 10. 

Figure 3B depicts more details about the shape of elongated bonding pad 345 in 
accordance v^ith the present invention. Similar to bonding pad 145 in Figure lB,bonding 
pad 345comprises two ar«>s, bonding area370 and probing area 380. unlike bondingpad 
145 of Figure IB, probing area380 is located to the inner side of dotted line335 and bonding 

area 370 to the outer side of dotted line 335. Further, these two areas are deployed along an 
axis represen-edbyadash-dotUne 395 perpendicular to dotted line335such that elongated 

bonding pad 345 has little space wasted in either area. Such arrangement solves the issues 
faced by conventional bonding pads as discussed above. First, since there is little pressure 
caused by wafer sort probing, probing area 380 can be deployed on top of electrical 
components in inner area 330 (this is more obvious in Figure 4) and keep its dimension as 
large as 75 microns long for the probing pin of a probing card to achieve a better contact, 
second, such arrangement also makes it less likely that bonding area 370 will be disturbed by 
the probing pin of a probing card during wafer sort probing whenever there is any 
misalignment. Therefore, the possibility ofabonding wire ope„(orabonding wire not in 


009818-091-999 


9 


CA332109.9 


A ,n ir device) and potential yield loss caused by such 
sufflcientcontactwith abondingpadon anlCdevtce) P 

bonding «i>e open can be significantly reduced. 

Hg„te4isac™ss.sectiona. View a.ongUneB-Bo,Hg«re3.bat„«.es the 

_tageso..bep.sentinven.on.no.app.nt.S,..atto.Cdev.ceUOsbo.n.nH^^^^ 

. .Cdevice3.0a,sobasnine,neta,layetsn.l-nt,s.acKedoneontopo,tbeotbetontopo.a 

..eonductotsubsttate.0.b.cbbostsap...ityo.e.ect.c.co..^ 
,,.n,l-.,a.e.u.tbe,sepa.tedbyeig..aie.ec..c.aye.d.-dSandconnecteatoe.b 

:.b,ap,u.ityo,viassucbasv.vS..^siva«onlayet«Ocove.tbeuppe,su.ac^^ 

„„c:vice3.0.C„.nponents«0.elect.c.lyconnectcd.i.one»otbetand.n.n 

pads345t.ongbtHeconductivepa.bs.™edbytben.n.t.p,en.eta,.aye..sucb.™.,n.. 

^ „7andn,8totherigh.ofdot,ed.ine335asshow„inFigu«4, 

■ .po.„no.passiva.ion.aye.«Oontopo,.e.ongatedbon.„gpaa34Sis.e.oved 

toe.pose»etal.aye..,.orwi«bon.ngandwa.so„p.b.ngB,ongatedbon.ngp. 
3.,nt*.con,pnsesabondtnga.ea3.0andap.b.nga.ea3SO.S,nnl.toconven„o„. 
.ndingpadl4Ssbown.nPigu.2,bond.nga.a370issuppo«edby.etal.aye..l-n,S 

.e.ect:c,aye.dl.dS,and...-vStos.t.ntbep.ssu.caus.b,bon.ng..P^^^ 
.„„.econventiona,bondingpad.45sbo.ninP.gute.p.b.nga«a3S0isdeployed».be 
.„e,a^330o„Cdevice3.0,n.gu.3^onotbe„gbto.dotted..ne33.nPtgu«4, 
.causctbep.ssu.ecausedbytbep.no.ap.b,ngca.dis.ucb.ess„.e,y.od^age 

electrical components 430. 

Si„ceprobingarea380isloeatedintheinnerarea330ofICdev,ce 

.ea3™basa^,seto,overiapp.ngn,ctallayets,nl-™Sbe,o.ittosustatn..tebonding 
,.ssu«andincon.tast,tbe.en,aybeo„lyas.a.lernuntbe.o.be.e..laye.sucb.n>V 

.d.nSbe.ow.ob.nga.a3S0b.ause*e.nagnitudeo,wa.etson^bingp«ss^.s 
.,..tlys™lle...sa..t,lesss^is...o„.euppe,su.aceo„Cd.^^^^^^^^^ 
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wi„wi*ou.affecting*edimensionofprobingarea380. 

l„...ean*a..espe..cae..s.««......no.enop«c.ce...— 

L...p.e,.....o..oU...e.o.o„.nSPa.....es.c.c.^^ 

„...o..«p,.«*ep.nc.p...e.ve.o„»a.^.o.appUoa„o.,»^ 

..„.„o.— a..s...o,.pa.c.a..ec„„...^^^ 
.....Man,— o..a— s».s*..e.o..ea...^^^^^^^ 

their equivalents. 
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